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BIOLOGICAL BULLETIN 


THE DEVELOPMENT THE CASTES NINE 
GENERA AND THIRTEEN SPECIES 
TERMITES. 


CAROLINE BURLING THOMPSON, 


DEPARTMENT OF ZOOLOGY, WELLESLEY COLLEGE. 


former paper (Thompson, 1917), the writer showed that 
the newly hatched nymphs the termite Reticulitermes flavipes 
Kol., mm. long, although externally all alike, are differen- 
tiated internal structural characters into two distinct types— 
(a) reproductive nymphs and worker-soldier nymphs—from 
which develop (a) the three fertile adult castes, the reproductive 
forms, and the two sterile adult castes, the workers and the 
soldiers. was further shown that when the reproductive 
nymphs have attained length mm. they are differen- 
tiated internal characters into the first 
and the second which develop finally into 
two the three adult reproductive much later 
period, when they have attained length about 3.75 mm., the 
worker-soldier nymphs become differentiated internal char- 
acters into the worker and the soldier nymphs. 

Bugnion (1912, states that the soldier (nasutus) 
Eutermes lacustris, new termite species from Ceylon, dif- 
ferentiated the time hatching, and may distinguished 
from the other newly hatched nymphs both external and 
internal structures, namely: the frontal process (corne frontale) 
and the large frontal gland. 

These observations Bugnion are not accord with the work 
Knower (1894) who states that the nasutus Eutermes 

The development the third, wingless, reproductive caste flavipes has 


not been worked out. 
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tiated internal structural characters into two distinct types— 
(a) reproductive nymphs and worker-soldier 
which develop (a) the three fertile adult castes, the reproductive 
forms, and the two sterile adult castes, the workers and the 
soldiers. was further shown that when the reproductive 
nymphs have attained length mm. they are differen- 
tiated internal characters into the first 
and the second which develop finally into 
two the three adult reproductive much later 
period, when they have attained length about 3.75 mm., the 
worker-soldier nymphs become differentiated internal char- 
acters into the worker and the soldier nymphs. 

Bugnion (1912, states that the soldier (nasutus) 
Eutermes lacustris, new termite species from Ceylon, dif- 
ferentiated the time hatching, and may distinguished 
from the other newly hatched nymphs both external and 
internal structures, namely: the frontal process (corne frontale) 
and the large frontal gland. 

These observations Bugnion are not accord with the work 
Knower (1894) who states that the nasutus 
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Holmgren—arises late its development molting from 
antecedent worker-like form with thirteen antennal segments. 

view these conflicting observations seemed first 
possible that different degrees differentiation the newly 
hatched nymphs, well differences development, might 
exist the various genera termites, and perhaps even among 
the species genus, as, for example, the genus 
the nasutus lacustris being clearly defined the time 
hatching, according Bugnion; the nasutus pilifrons 
arising rather late the development molting from worker- 
like form, according Knower. But, before coming any 
conclusion, seemed desirable have further data regard 
the conditions among other termites the time hatching and 
the early stages development. 

The present study the newly hatched and the developing 
nymphs nine genera and thirteen species American termites, 
from both temperate and tropical regions, was therefore under- 
taken for two reasons: first, ascertain the conditions among 
different genera termites, and second, determine whether 
the development may vary within genus, comparing the 
conditions Eutermes lacustris, described Bugnion, with 
those Eutermes pilifrons, the Jamaican species observed 
Knower, and with two other tropical morio Latreille, 
and sanchezi Holmgren. 


MATERIAL. 


Dr. Knower has very kindly sent abundance pre- 
served material Eutermes pilifrons, consisting eggs, young 
nymphs, winged adult reproductive forms, and adult workers 
and nasuti. indebted Mr. Banks, the Museum 
Comparative Cambridge, Mass., for the identification 
this species. 

Most material was furnished the Bureau 
Entomology the Department Agriculture, and much 
was collected and fixed for Mr. Snyder, 
whom sincere thanks are due. The eggs and young 
Termopsis have collected myself Pacific Grove, Cal., during 
visit the Hopkins Marine Station. 
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Gilson’s fluid has proved good fixative for the newly hatched 
nymphs, and fluid excellent for all older forms. 
the case Reticulitermes whole mounts the newly hatched and 
developing nymphs, stained with Conklin’s picro-hematoxylin, 
are most useful for preliminary study. 

The termites described this paper are Termopsis 
Walker, Calotermes sp. Banks, Cryptotermes 
cavifrons Banks, Neotermes castaneus Burm., Arrhinotermes sim- 
plex Hagen, Reticulitermes flavipes Kollar, virginicus Banks, 
and sp. Banks, Anoplotermes fumosus Miiller, Amitermes 
tubiformans Buckley, Eutermes pilifrons Holmgren, morio 
Latreille and sanchezi Holmgren. 


Length, 
Small No. Antennal 
Mm. 
Termopsis 
Neotermes 
Arrhinotermes 
subdivided. 
Anoplotermes 
Amitermes 


the accompanying table may seen that the first four 
genera belong the family Protermitide Holmgren, the 
fourth, together with Reticulitermes, belongs the Mesoter- 
and the last three are The present 
paper therefore includes examples from each family the order 
Isoptera. 

study includes for each genus (1) the eggs, (2) the newly 
hatched nymphs, some cases these have been actually dis- 
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sected out from the egg shell, other cases they are slightly 
older; (3) early stage development, usually mm. 
longer than the newly hatched nymphs, which the external 
appearance, and especially the size the heads, similar all 
nymphs; (4) slightly older stage, varying considerably length 
the different genera, which external differentiation may 
noted the size the heads, dividing the developing nymphs 
into headed” (reproductive) forms, and 
(sterile) forms. 


Calotermes sp. Banks.—The eggs the most primitive 
termites, those belonging the family are the 
largest the order Isoptera. 


Fic. Termite eggs. Termopsis angusticollis; sp.; 
Cryptotermes cavifrons; Arrhinotermes simplex; Reticulitermes flavipes; Anop- 


lotermes fumosus; Amitermes tubiformans; Eutermes pilifrons. Spencer Oc. 
obj. 32, reduced one third. 


The eggs Calotermes sp. (Fig. are long, slender, and 
reniform, and are slightly larger one end, the future head end; 
they measure, preserved specimens, from mm. 
length. all the species termites here described the egg 
length varies several tenths millimeter. would inter- 
esting know whether these variations length are constant 
the living eggs, and whether they represent two different sizes 
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eggs, corresponding the two different types nymphs 
which are hatched. Since this paragraph was written further 
study living eggs enables state with certainty that there 
are marked differences size the living eggs given species 


and, furthermore, among eggs the same phases develop- 
ment. 


Fic. sp., newly nymphs. head reproductive 
nymph with large brain; head soldier nymph with small brain; testes, repro- 
ductive nymph; testes, soldier nymph. Oc. obj. 16, reduced one third. 


The newly hatched nymphs Calotermes sp. are 1.6 mm. 
long, with nine antennal segments, the third segment entire and 
bare. size, shape and general external appearance these 
newly hatched nymphs are all alike, but, the genus Reticult- 
termes, they are separable means internal structures into 
two types: nymphs with large brain that almost fills the 
cavity the head, large sex organs, and white dense abdomen, 
the reproductive fertile type (Fig. c); and (6) nymphs 
with smaller brain that does not nearly fill the head cavity, 
smaller sex organs, and transparent abdomen, the soldier,' 
sterile type (Fiz. d). 

When the Calotermes nymphs have attained body length 
mm. marked difference the size the heads noted, 


The worker caste lacking the genus Calotermes. 
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the fertile, reproductive type having small head with 
larger brain, the nymph Grassi 
the sterile, soldier type, with larger head and smaller brain, 
the nymph Grassi. The number antennal 
segments these older nymphs still nine, although the third 
segment deeply grooved and subdivided into two parts. The 
increase the number antennal segments therefore slightly 
slower than the genus Reticulitermes, the and 
twelve clearly defined antennal segments. 

Termopsis angusticollis angusticollis pro- 
duces the largest egg any American termite. form, the 
eggs are long, slender, and reniform, slightly larger the future 
head end, and sometimes with surface markings Both 
the living eggs and after fixation, and the eggs shrink very 
little Gilson’s Fluid, two fairly distinct sizes eggs may 
observed. The smallest are about 1.3 mm. long, the largest 
range size differences are independent 
embryonic growth, since large and small egg may 
the same phase development. unable state what 
types nymphs may hatch from the different sized eggs, for 
after searching repeatedly many colonies Pacific Grove, 
Cal., not feel sure that have seen the newly hatched 
nymphs. The smallest nymphs that have found are 2.2 and 
2.5 mm. long, with eleven and twelve antennal segments. These 
may the newly hatched forms, but their size relation 
the egg, their activity, for newly hatched nymphs are usually 
sluggish, well the eleven twelve antennal segments, 
inclines believe that they have been hatched for short 
time. one embryo with well formed appendages nine 
segments could distinguished the antennae. 
therefore unable make any definite statement regarding 
the body length and the number antennal segments the 
newly hatched nymphs Termopsis angusticollis, although 
from the size the egg should expect the nymphs measure 
about mm. length, and the number antennal seg- 
ments like that the other Calotermes 
and Cryptotermes, namely, nine, with the third segment either 
entire subdivided. 
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The youngest nymphs angusticollis that have examined 
mm. long, with eleven and twelve antennal segments 
—are all alike external macroscopic appearance, but with 
lens the two types fertile reproductive nymphs and 
sterile nymphs may seen. The heads are simi- 
lar size, but the large brain almost filling the head cavity 
the reproductive nymph (Fig. clearly distinguished from 
the smaller brain the soldier nymphs (Fig. and corre- 
lated with the brain structure the whiter denser abdomen 
the reproductive nymphs and the more transparent abdomen 
the nymphs. stained and mounted specimens the 
larger sex organs the reproductive nymphs are marked 


Fic. Termopsis angusticollis, young nymphs 1.8 mm. long, with twelve 
antennal segments. head reproductive nymph with large brain; head 
soldier nymph with small brain. Oc. obj. 16, reduced one third. 


contrast the smaller ones the soldier nymphs. The brain 
all the adult castes angusticollis has very characteristic 
form, had been pulled out laterally, due the lateral 
extension the optic lobes which extend out right angles 
the long axis the body. This peculiar form the brain 
recognizable even the youngest nymphs. 

Slightly older nymphs mm., with thir- 
teen and fourteen antennal segments—have the heads differen- 
tiated size that the repro- 
ductive forms are easily distinguishable from the 
small-brained, soldier nymphs. 

Cryptotermes cavifrons Banks.—The egg Cryptotermes, like 


The worker caste lacking the genus Termopsis. 
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those the other Protermitide here described, long slender 
and reniform, and measures mm. length (Fig. c). 

The newly hatched nymphs are mm. long and have 
nine antennal segments, the third segment entire and bare. 
These nymphs are externally all alike, but are differentiated 
internally into the reproductive type with large brain, and large 
sex organs (Fig. a), and the soldier' type with smaller brain 
and smaller sex organs (Fig. 

The peculiar truncated head and the characteristic form the 
antennae this species are recognizable, even the newly 
hatched nymphs. 

nymphs which are about 2.4 mm. long the 
and types are clearly seen. This termite, like 


Fic. cavifrons, newly hatched nymphs. head repro- 
ductive nymph with large brain; head soldier nymph with small brain. Oc. 
obj. 16, reduced one third. 


Calotermes sp., increases the antennal segments slowly, for 
nine segments still occur this older phase, although the third 
segment subdivided. 

Neotermes castaneus Burmeister.—The egg Neotermes, fig. 
large, measuring 1.6 mm. length. formitis slender 
and reniform like the eggs other Protermitidae. 

The youngest nymphs material, which not very abun- 
dant, are mm. longand have ten antennal segments. Since the 
majority the termites here described have nine antennal seg- 
ments when hatched and are only from mm. longer than 
the egg from which they have emerged, believe that these 
nymphs are very slightly past the age hatching. exami- 
nation the antennae gives further basis for this opinion, fig. 


The worker caste lacking the genus Cryptotermes. 
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The fourth antennal segment, which growing indi- 
viduals always the youngest, short and bears. very minute 
hairs, and one specimen bears hairs one side only, indications 
that this segment has been very recently cut off from the third, 
probably since the time hatching. 
Externally these young nymphs Neotermes are still all alike, 
for differentiation the size the heads can observed, but 
internally they are differentiated into the two types nymph 


c 


Fic. eastaneus, head young reproductive nymph, 1.8 mm. 
long; head young soldier nymph, 1.8 mm. long; egg. Leitz oc. 
obj. Leitz oc. obj. reduced one third. 


found the other Protermitidae, namely: the reproductive 
fertile type, with large brain, and large sex organs, and the soldier 
sterile type, with small brain and small sex organs. The heads 
these two types are shown fig. 

Nymphs 2.6 mm. length and with eleven antennal segments 
have the heads differentiated into the small-headed reproductive 
type with large brain, and the large-headed soldier type with small 
brain. 

All four genera Protermitidae are therefore alike possessing 
two types nymphs the time hatching. 


EE 
\ \ 
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Arrhinotermes simplex Hagen.—The eggs the 
are considerably smalles than those the Protermitide. 
The eggs Arrhinotermes simplex measure from 0.8 mm. 
length and are slender and reniform (Fig. d). 

The newly hatched nymphs are about 1.2 mm. long, and have 
nine antennal segments, the third segment grooved and sub- 
divided into two parts. 

The two types nymphs: (a) reproductive nymphs, with large 
brain and large sex organs (Fig. c), and (b) worker-soldier 


Fic. Arrhinotermes simplex, newly hatched nymphs. head reproduc- 
tive nymph; head worker-soldier nymph; ovary reproductive nymph; 
ovary worker-soldier nymph. Oc. obj. 16, reduced one third. 


nymphs, with small brain and small sex organs (Fig. d), 
are likewise present this genus the time hatching; and 
with increase the body length the 
and nymphs are differentiated. There 
striking resemblance between the young this genus and the 
related genus Reticulitermes. 


Reticulitermes. 
flavipes The egg measures from 0.68 0.7 mm. 


(Fig. e). The newly hatched nymphs are 1.1 mm. long, with 
nine antennal segments, the third segment grooved, and are 


For fuller description the development flavipes, see Thompson (1917). 


7 
q 
q 


DEVELOPMENT CASTES TERMITES. 389 


the two types, reproductive nymphs and worker-soldier nymphs. 
Nymphs mm. long with twelve antennal segments are differen- 
tiated into and types. 

virginicus Banks.—The newly hatched nymphs 
virginicus are mm. long and have nine antennal segments, the 
third grooved. They are differentiated into the two types 
forms. The further development this species, far have 
followed it, very similar and probably identical with that 
flavipes. 

sp. Banks.—The young nymphs new species 
Reticulitermes not yet described have been given Mr. 
Snyder. Examination this species shows that the conditions 
the time hatching are similar those flavipes and 
virginicus. seems more than probable therefore that this 
differentiation the newly hatched nymphs into two types 
common all species Reticulitermes. 


Anoplotermes fumosus Miiller—The eggs the Metatermi- 
are smaller than either the other families termites. 
The eggs fumosus measure from 0.56 0.60 mm. length 


(Fig. f). 


fumosus, young nymphs mm. long, with twelve antennal 
segments. head reproductive nymph; head worker-soldier 
Oc. obj. 16, reduced one third. 


The youngest specimens Anoplotermes fumosus that have 
examined are early phase development, but, account 
their size and the number antennal segments, not think 
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that they are the newly hatched forms. These specimens meas- 
ure from mm. length, and have twelve antennal 
segments, the third segment being deeply grooved subdivided. 
Like the very young nymphs the other termite genera de- 
scribed above, these young nymphs fumosus are externally 
all alike but are differentiated internally into (a) the reproductive 


nymphs, with large brain and large sex organs (Fig. a), and 


the worker-soldier nymphs, with small brain and small sex 
organs (Fig. unusually long slender labrum present 
both types nymphs, and characteristic the three genera 
this family here described. 

The older nymphs fumosus, about mm. long, less, are 
differentiated into the large-brained, repro- 
ductive type, and the small-brained worker- 
soldier type. material was not very abundant, but was 
sufficient show that the early development fumosus 
similar that the other termites here described. 

Amitermes tubiformans eggs tubifor- 
mans measure from 0.56 0.64 mm. length (Fig. g). 


Fic. tubiformans, newly hatched nymphs. head reproductive 
nymph; head worker nymph. Oc. obj. 16, reduced one third. 


The youngest nymphs examined are from 0.95 mm. long, 
and have with eleven segments, the third segment bare, 
but subdivided into two parts. One these nymphs had 
piece the egg shell still adhering the abdomen, that they 
are evidently the newly hatched forms. 

The newly hatched nymphs tubiformans are externally 
all alike, but are differentiated internally into reproductive 
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nymphs with large brain and large sex organs (Fig. a), and 
(b) nymphs, with small brain and small sex organs 
(Fig. The long labrum prominent the nymphs 
both types. 

Nymphs 1.6 long, with twelve antennal segments, 
are differentiated into the and 


types. 


Eutermes. 


morio eggs this species Eutermes 
measure from 0.68 0.72 mm. length and are slender and 
reniform. The newly hatched nymphs are mm. long; 
they have eleven antennal segments, and they consist the 
large-brained reproductive type and the small-brained worker- 
soldier type. 

sanchezi have not seen the eggs this species 
but the newly hatched nymphs are very similar those 
morio. They are 1.2 mm. long, with eleven antennal seg- 
ments, and the two types reproductive and worker-soldier 
nymphs are present. 

The newly hatched nymphs morio and are 
almost identical structure with those pilifrons and are 
therefore not figured; their later development has not been 
studied, but there reason believe that the three species, 
which are alike their early development, should differ the 
later phases. 

pilifrons Holmgren.—The eggs pilifrons measure 
from 0.64 0.72 mm., and are slender and reniform (Fig. 

This species was formerly described (?) 
Knower, and indebted Dr. Knower for very abundant 
material. Many the nymphs have actually been dissected 
out from their egg shells, that there absolutely uncer- 
tainty the structure the size the newly hatched forms. 

The newly hatched nymphs pilifrons measure from 
0.8 mm., the difference length being due whether the 
nymphs are still the curved embryonic position have 
straightened out. The number antennal segments eleven, 


The soldier caste lacking the genus 
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with the third segment grooved and subdivided into two parts, 
that twelve and thirteen segments will formed soon after 
hatching. interesting note the progressive development 
the termite order small detail the number segments 
the antenne the time hatching. The 
have nine antennal segments, with the third segment entire; 
the intermediate the number still nine, but 
the third segment grooved subdivided into two parts; 
the most highly developed Metatermitide the number has 
increased eleven, with the third segment subdivided. 


Fic. newly hatched nymphs. head reproductive 
nymph; head worker-soldier nymph; ovaries reproductive nymph; 
ovaries worker-soldier nymph. Oc. obj. 16, reduced one third. 


pilifrons, all the other termites described this paper, 
has the two types newly hatched nymphs which are alike 
external structure:—the reproductive nymphs, with large 
brain and large sex organs (Fig. c), and the worker-soldier 
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nymphs, with smaller brain and smaller sex organs (Fig. 
d). The difference between the bodies fixed specimens 
the two types more marked this termite than any other 
that have examined; the body the sterile worker-soldier 
individuals very clear and transparent glistening white, 
while that the reproductive individuals dull opaque creamy 
white. long slender labrum noticeable all nymphs 
both types. 

appreciable difference the size the heads noted 
until the nymphs have attained length about mm., and 
have twelve antennal segments. this phase the 
reproductive forms with large brain and creamy white 
body are easily distinguishable with hand lens from the 
headed’’ worker-soldier forms with small brain and transparent 
glistening white body. 

worker-soldier individuals about mm. long and with 
twelve antennal segments there yet external differentia- 
tion between the two sterile castes, but internal differentiation 
has already begun and may observed whole mounts 
stained individuals well sections. The future soldiers 
are distinguishable the presence the larger frontal gland 
which appears, frontal mounts the head, small dense 
spot posterior the brain; whole mounts the head the 
future worker such spot visible. After examining the 
stained specimens cedar oil separate the future soldiers 
from the future workers, the two kinds individuals were 
embedded and sectioned. the soldier nymphs large, al- 
though embryonic, frontal gland opens the exterior the 
frontal surface the head. This gland was more than three 
times the size the vestigial gland found the worker nymphs. 

The soldier caste pilifrons is, therefore, not differentiated 
external characters the time hatching, but arises later 
the development, being first manifested individuals about 
mm. long with twelve antennal segments. The worker caste 
differentiated the same time, and the two castes may 
recognized the size and structure the respective frontal 
glands; although external differentiations are yet present 
either caste. 
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The differentiation the worker-soldier nymphs pili- 
frons into the worker and the soldier nearly parallel with the 
development these two castes from the worker-soldier form 
the genus Reticulitermes, Thompson (1917, pp. 123-125); the 
chief difference being the age the respective nymphs, the 
differentiation being visible pilifrons nymphs mm. long, 
while flavipes was first observed nymphs 3.75 mm. 
long, although, from the maturity the frontal gland, could 
probably seen earlier phase. 

work upon this species Eutermes perfect accord 
with the work Knower (1894), who noted the absence 
young soldier nymphs the colonies (?) 
pilifrons Holm., and who later saw young soldier this species 
emerge molting from worker-like skin. The mandibles 
the skin were large, Eutermes workers, while those the 
emerging soldier (nasutus) were small, like those the adult 
nasuti. The head this nasutus was light color and not yet 
fully 

Bugnion (1912) states that the soldier (nasutus) lacustris 
differentiated the time its emergence from the egg, and 
distinguished from the other newly hatched nymphs long 
frontal process horn, and frontal gland with excretory 
canal. His description follows: 

soldat, longue 1.32 mm, venant d’éclore (Fig. 12). 
Cette forme est intéressante parce qu’elle 
montre une petite corne implantée dessus front. Elle 
donne ainsi preuve que caste ‘soldat’ différencie déja 
dans corne, tres courte, dépasse pas niveau des 
piéces buccales. voit aussi, par transparence, 
céphalique entourée muscles et, base corne, canal 

Now, although fully accord with the view Bugnion 
that the castes termites are not produced food other 
external influences, and that they are due intrinsic deep- 

Snyder (1915) has also described the origin soldier nymph from worker- 
like form Reticulitermes flavipes and virginicus. The nymphs were found the 
quiescent stage that precedes molt, and the emergence the young soldiers was 


observed. this case, too, the mandibles the emerging form differed from those 
the cast skin. 
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seated causes, inclined believe, for several reasons which 
follow, that Bugnion’s account the newly hatched soldier 
(nasutus) nymph lacustris may capable different 
interpretation. 

First, the conditions among the newly hatched and the younger 
developing phases the nine termite genera here described are 
practically similar, showing that throughout the entire order 
termites the early development remarkably constant. 

Second, have examined the newly hatched and the developing 
nymphs three species Reticulitermes—R. flavipes, virginicus 
and sp.—and also three species Eutermes—E. pilifrons, 
morio and sanchezi—and each case the development 
the three species similar throughout the early phases and 
far have followed it. seems probable, therefore, that 
lacustris would follow the plan development that common 
not only three other species its genus and three species 
but seven other genera. 


Fic. 10. pilifrons, newly hatched nymph, profile view. labrum; 
lb, labium; br, brain. Oc. obj. 16, reduced one half. 


Third, all the newly hatched nymphs Eutermes, whether 
pilifrons, morio sanchezi, the labrum, stated above, long 
slender and conspicuous. nymphs seen profile the side 
view this labrum surprisingly like the frontal process 
mes nymphs alcohol remarked again and again the length 
the labrum and its resemblance, especially profile view, 
the frontal process nasutus. This also true the other 
two genera the Metatermitide here described, Anoplotermes 
and 
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Fig. 10, the profile view recently hatched worker- 
soldier nymph pilifrons, the resemblance very striking 
Bugnion’s figure (1912), the profile view the form which 
Bugnion has described newly hatched soldier nymph 
lacustris. The long labrum, Ja, might have been taken for 
the the dark stippled mass, br, which repre- 
sents the brain seen through the transparent skin the head, 
might easily mistaken for the frontal gland that shown 
Bugnion’s figure about the same position. The duct the 
frontal gland figured Bugnion might prove the esophagus, 
which passes forward slender tube beneath the brain. 
Furthermore, the frontal gland figured Bugnion the 
newly hatched soldier (nasutus) much larger 
and more highly developed than the older nymphs 
pilifrons mm. long, and also larger and more developed than 
have found any newly hatched termite nymphs that have 
studied. Asarule this gland not distinguishable the time 
hatching except sections, and even then extremely small 
and difficult determine. 

Fourth, Professor Bugnion’s figure was drawn from un- 
stained specimen, mounted, states, either water weak 
formol, and studied transparent object. after staining 
and sectioning the same results are obtained the newly hatched 
nymphs lacustris should then have positive proof that 
development varies the different species termite genus 
and that some castes may fully differentiated the time 
hatching. But, until this proof the writer inclined 
believe that development constant process among the dif- 
ferent species termites, and that takes place the termites 
here described. 


SUMMARY. 


The termites described this paper are: 


Termopsis angusticollis. 
Calotermes sp. 
Cryptotermes cavifrons. 
Neotermes castaneus. 
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Arrhinotermes simplex. 
Reticulitermes flavipes. 

virginicus. 
sp. 

METATERMITIDA— 
Anoplotermes fumosus. 
Eutermes 


sanchezi 
pilifrons. 

The eggs these termites are largest the primitive forms, 
the measuring from 1.2 mm. length, 
they are smaller the from 0.68 mm. long; 
and the from 0.56 0.72 mm. 
long. 

The newly hatched nymphs correspond size the eggs. 
from which they have hatched. 

The newly hatched nymphs are externally all alike, but 
they are differentiated internal structural characters into 
two clearly defined types: (a) the reproductive, fertile forms, 
with large brain and large sex organs, and usually dense opaque 
body; and the worker-soldier, sterile forms, with small 
brain and small sex organs, and usually clear transparent body. 

(Calotermes sp., Cryptotermes cavifrons, and probably also 
Termopsis angusticollis and Neotermes castaneus) have nine seg- 
ments, with the third segment entire; those the Meso- 
(Arrhinotermes simplex, Reticulitermes flavipes, vir- 
ginicus and R., sp.) have nine segments with the third 
subdivided; those the tubiformans, 
Eutermes pilifrons, morio and sanchezt, and probably also 
Anoplotermes fumosus) have eleven segments, the third subdivided. 

the larger genera, are differentiated into ‘‘small-headed’’ but 
large brained reproductive forms, and large-headed but small- 
brained worker-soldier forms. 

The worker-soldier nymphs Eutermes pilifrons, mm. 
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long, with twelve antennal segments, and externally all alike, 
are distinguishable, after staining, into worker nymphs with 
small vestigial frontal gland, and soldier nymphs with large 
frontal gland. 

The soldiers Eutermes pilifrons, and also those 
morio and sanchezi, are therefore not externally differentiated 
the time hatching, which, according Bugnion, the case 


lacustris. 
WELLESLEY, 
July, 
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RESEARCHES THE SEX-CHROMOSOMES 
PSYCHIDA (LEPIDOPTERA). 


SEILER. 


WITH ONE TEXT-FIGURE AND ONE PLATE. 


The demonstration which have given the digametic condi- 
tion the female sex Lepidoptera the case 
gave brilliant confirmation the assumption made genetic 
experimenters (Doncaster, Goldschmidt) that butterflies the 
female sex must digametic. all other cases the digametic 
condition has been conclusively demonstrated only the male, 
and was expected, therefore, results were doubted. 
For this reason sought for typical case which the distri- 
bution the sex-chromosomes could readily demonstrated, 
and work out such manner leave room for further 
doubt. 

Such typical case was found certain species 
was led examine this group because the sex-ratios (which 
under certain conditions are quite atypical) gave reason 
look for interesting cytological conditions; for might 
expected that the parthenogenetic species, the case 
Angiostomum, Phylloxera, etc., the preponderance exclusive 
appearance only one sex might determined the sex- 
chromosome mechanism. Unfortunately this point could not 
demonstrated; the other hand, the dicecious forms, 
poria tubulosa and Fumea casta, were found offer material 
suitable for main purpose. 


Taleporia tubulosa 


(a) Maturation the Egg.—As the daughter-chromosomes 
the first maturation-division separate, one chromosome remains 
the middle the spindle without showing first any indica- 
tion whether will pass the inner the outer pole 
(Figs. 1-3). Fig. will probably pass inwards, may 
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inferred from its relation the slightly developed spindle-thick- 
ening. the daughter-chromosomes move towards the spindle- 
poles the X-chromosome found lag behind, some cases 
towards the outer plate, others towards the inner. Fig. 
outwards. During the interkinesis only occasionally 
recognizable (Fig. the metaphase the second division 
(Fig. 10) has without exception overtaken the autosomes and 
thenceforwards shows precisely the behavior autosome. 
Only exceptional cases does the X-chromosome move from 
the beginning the same rate with the autosomes; such cases, 
course, not distinguishable side-views the spindle. 
the other cases (see Seiler, chromatin 
some instances eliminated large quantities during the 
first maturation-division, others not all. 
The equatorial plate the first maturation-division the 
egg possesses chromosomes, which are bivalent and one 
univalent. expected, the daughter-plates have dif- 
ferent numbers chromosomes. the outer plate has 
chromosomes the inner has 29, and vice versa. have tried 
obtain photographic proof this, but the task extremely 
difficult and tedious. Each egg contains but one spindle, and 
this must cut that the knife passes between the two daugh- 
ter-plates without injuring them. Further, all the chromosomes 
(of course both plates) must lie exactly one plane and 
right angles the optical axis. Fig. shows such ideal 
plate with chromosomes, and this photograph alone repro- 
duces the size-relations the chromosomes exactly nature. 
The sister-plate not suitable for photographing. All the plates 
photographed for this work are themselves quite clear and 
demonstrative Fig. 18. Since, however, the chromosomes did 
not always lie the same plane, was necessary turn the 
fine adjustment somewhat during the exposure; hence the some- 
what defective and part ambiguous character the figures. 
Figs. and are two sister-plates (in each case the first number 
designates the outer plate, the second number the inner), 
the anaphase the first division. Since the chromosomes un- 
dergo little change relative position during the separation 
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the daughter-plates, the homologous pairs can identified 
with considerable certainty. Figs. and 14, again showing 
two sister-plates, the X-chromosome lies centrally. 

Table I., which follows, gives summary selected cases 
which both daughter-plates lie entirely the same section, and 
which other respects fulfill all the conditions demonstrative 
clearness. Table II. summarizes the number observed cases 
which the X-chromosome seen lateral views the spindle, 
passing towards the outer the inner pole. The result 
permits predict the primary sex-ratio expected 
Taleporia. Those X-chromosomes that pass outwards enter 
the polar body, those that pass inwards divide equally the 
second maturation-division and enter the female pro-nucleus. 


TABLE 
No. Chromosomes, 
Outer Plate. Inner Plate. 
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(b) Maturation the Sperm.—In the spermatogenesis 
sex-chromosomes can distinguished. The equatorial plates 
the first maturation-division show chromosomes (Figs. 
26, 27) and those the second division the same (Fig. 28). 


II. 
The X-Chromosome Passes Sex Ratio. 

| Outwards. | Inwards. Female, Male, 


(c) The Somatic Chromosome-number.—Since two classes 
eggs are formed, having respectively and chromosomes, 
may expect find two kinds embryos, one having 
chromosomes, the other The actual conditions correspond 
with this expectation. the stage blastoderm-formation 
possible count the somatic chromosome-number with abso- 
lute certainty. Figs. and show chromosomes, though 
not clearly the actual object. Table III. gives summary 
the observed cases. Only such embryos were recorded 
showed least (often perfectly clear equatorial plates, 
which lay entirely single section and the middle 
its thickness, and which doubt could exist concerning the 
limits single chromosome. 


III. 
No. of 
Locality. Embryos, Chromosomes. 


the table shows, third sort embryo could demon- 
strated possessing chromosomes. This determination can 
not possibly rest error, for the first embryo seven per- 
fectly clear plates all showed chromosomes, the second 
the third and fourth Such embryos would probably 
produce but one kind egg, containing chromosomes. 
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point fact, have two perfect pairs daughter-plates, each 
with chromosomes (see Table I., nos. 33, X-chro- 
mosome present these cases. leave these out account 
there remain females and males, sex-ratio 1.36: 
favor the female, that say, exactly the ratio expected 
from observations the maturation-phenomena the Tornow 
race. Possibly the embryos with chromosomes may have 
arisen the development unfertilized eggs. 


Fumea casta PALL. 


The equatorial plate the first maturation-division the 
egg shows chromosomes. One these must univalent, 
for the daughter-plates show some cases chromosomes, 
others 30. Taleporia, X-chromosome present but 
strange say fails lag behind the autosomes and passes 
together with them one spindle-pole. Fig. 23, from perfect 
plate with chromosomes, clearly shows the natural size-rela- 
tions. Figs. and 20, and 22, and are three pairs 
daughter-plates, from the interkinesis, which the chromosomes 
are perfectly clear and well-separated; but unfortunately the 
plates lay obliquely, that the photographs seem show certain 
fusions which not really exist. Text-figure shows the same 
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plates Photos. reproduced accurately possible 
respect the size-relations and relative positions, with at- 
tempt identify the homologous chromosomes. The X-chro- 
mosome happens, quite accident, all three cases 
the outer plate; quite often found the inner one. 

The embryos have either chromosomes. 


January, 1917. 


EXPLANATION PLATE. 


None the photographs retouched. Enlargement 2,000, excepting Fig. 10, 
which 1,000. 
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THE RELATION THE PITUITARY AND THYROID 
GLANDS BUFO AND RANA IODINE AND 


BENNET ALLEN. 


UNIVERSITY KANSAS. 


the spring 1918, Mr. Swingle and Mr. Etzen, working 
our laboratory, discovered the fact that iodine administered 
loose combination with flour brings about precocious meta- 
morphosis tadpoles after the same manner the feeding 
thyroid gland preparations previously demonstrated Guder- 
natsch, once occurred the writer that iodine ad- 
ministration would afford means testing out the these 
two glands metamorphosis. plan was administer 
iodine this manner tadpoles deprived their thyroid 
glands, those deprived the pituitary gland and those 
deprived both. Since the thyroid gland has always been 
completely identified with iodine the animal body, the writer 
suggested that Mr. Swingle make part his problem 
feed iodine thyroidless tadpoles. This did with the result 
that demonstrated the fact that the administration iodine 
feeding produces metamorphosis just truly thyroidless 
tadpoles normal tadpoles. was shown the work 
Adler, Smith, and Allen, that the removal the 
pituitary gland tadpoles has marked effect upon the thyroid 
gland that the colloid the latter looser texture and 
smaller amount than normal. Associated with this the fact 
that pituitaryless tadpoles not undergo metamorphosis. 
pituitaryless tadpole Rana pipiens has been kept the 
writer for two years without undergoing metamorphosis although 
has now grown beyond the size normally attained tadpoles 
this species. These facts have led the writer form the 
hypothesis that the pituitary gland may play active 
metamorphosis, and that the thyroid gland would play the part 
storage organ. This view was expressed earlier paper 
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Abscissz body 


Crosses indicate pituitary- 


Dots indicate normal control tadpoles. 


Crosses circles indicate pituitaryless tadpoles end iodine feeding. 


Showing changes body length and leg length pituitaryless Bufo tadpoles which iodine was fed. 
Ordinates indicate hind leg length millimeters. 


I. 


length millimeters. 
less tadpoles iodine feeding. 


NET 
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(Allen, experiments showed that the adminis- 
tration iodine alone without the mediation the thyroid 
gland able produce metamorphosis. The peculiar corre- 
lation between the thyroid and pituitary glands made seem 
highly desirable carry experiments feeding iodine 
tadpoles deprived the pituitary gland and also those de- 
prived both the thyroid and the pituitary glands. 

The results this experiment are definite that they seem 
well worth recording. large amount caution essential 
work this kind because has been found that the character- 
istic color change described Smith and Allen not alto- 
gether reliable test the successful removal the pituitary 
gland nor the failure metamorphose always relied 
upon test success the removal either the pituitary 
the thyroid gland. certain cases, the color change has 
taken place spite the presence small remnant the 
pituitary gland, and very greatly delayed metamorphosis has 
been found take place tadpoles which small fragment 
the thyroid gland remained after the operation for removal. 
Notes along these lines have been published the writer. 
For these reasons, seemed best make intensive study 
limited number specimens rather than make necessarily 
cursory study larger number. the thyroid gland had been 
removed, the region where should occur was sectioned and 
painstakingly studied order determine whether the opera- 
tion had been successful. the majority cases where the 
pituitary gland had been removed, the region involved was 
likewise sectioned and examined for vestiges the gland. The 
work was this manner checked such degree that the 
results are offered with full confidence their accuracy. 
these experiments, iodine was mixed with flour the proportion 
100. Water was then added make creamy paste. 
This was then dried and the flakes were fed the tadpoles. 
the first series experiments, Bufo tadpoles deprived their 
pituitary glands were fed iodine for from ten twenty-one days. 
This produced most striking results shown Tables and II. 
this experiment, the tadpoles were kept the same receptacle 
and consequence was not possible follow the changes 
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individuals but must consider mass results. There marked 
decrease the size the body. This out all proportion 
the reduction body size during normal metamorphosis. There 
marked decrease the length the tail amounting com- 
plete disappearance one specimen which was unfortunately 
not preserved owing the drying the shallow water 
which was necessary keep it. ten the fourteen cases 
here recorded, both fore limbs had broken through the skin and 
three them the left one alone had appeared. 

The difficulties rearing these larve complete metamor- 
phosis are considerable, but not insurmountable. The small 
size the doubt one factor. The sudden marked 
shrinkage the body decidedly abnormal feature. These 
results are quite comparable those attained Swingle 
normal and thyroidless tadpoles. The removal the pituitary 
gland Bufo causes assume light buff color place the 
familiar intense black. This color change was wise modified 
the subsequent iodine feeding. Fig. shows graphic fashion 
the nature these changes regards the typical feature hind 
leg length. The abscisse represent the length body while 


TABLE 
Pituitaryless Tadpoles lodine Feeding Begun May 31, 1918, After 
Before Feeding Iodine. Feeding lodine. 
Total Hind Leg| Total Tail Fore Fed. 
Mm. Mn. Mm. | Mm. Mm. | Mm, Mum. "| Out, 
13.0 6.7 9.2 4.71 2.67 
15.1 7.0 


the ordinates represent the length the hind legs. The location 
any point serves indicate the length body its hori- 
zontal location and the length the hind legs its height above 
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the base line. Dots are used designate control, normal tad- 
poles; crosses designate the pituitaryless tadpoles just before 
the administration iodine while crosses within circles indicate 
the pituitaryless tadpoles the end the period iodine 
feeding. appears that the pituitaryless tadpoles the be- 
ginning the experiment are this stage already commencing 
undergo retardation hind leg growth compared with 
the normal controls. the iodine fed, pituitaryless tadpoles 
the reduction body length together with actual and relative 
increase leg length are clearly evident. 

The next series experiments involved feeding iodine the 
same manner tadpoles from which both the pituitary and thy- 
roid glands had been removed. this case, tadpoles were kept 
separated different dishes that was possible follow the 
growth each individual tadpole. Unfortunately, all died 


within ten days. 


This may have been partly due the exces- 


sively warm weather the time. 


Bufo Pituitaryless Tadpoles 


Before Feeding lodine. 


Because the short period 


TABLE II. 


lodin 


e Feeding Begun June 18, After 


Feeding lodine. 


tee | | Days 
Length, | Length,| Length, Length, | | Length,| Length,| Length,| Length Leg 
Mm. Mm. Mm, Mn. | Mm, Mm. | Mm. Mm, | Out. 
20.6 9.8 10.8 .93 10. 10.7 6.4 4.30 
17.8 8.8 9.1 Feeding Begun 


the experiment, the results are not striking one might 
desire but they point the same direction the other experi- 
ments and are quite significant. Table III. gives the results and 
needs further explanation. Table IV. gives the dimensions 
Bufo tadpoles deprived both thyroid and pituitary glands 
but maintained under normal food conditions. comparison 
the tables shows that these not have hind legs length 
all comparable with those that were fed iodine, even though the 
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tess 


in- 


Showing modifications body length and leg length pituitary-thyroidless tadpoles Bufo which iodine was fed. 


2. 


dicate body length millimeters. 


Ordinates indicate hind leg length millimeters. 


the beginning and the end the experiment. 


Arrows connect the points indicating any given individual 


The numbers the points correspond the numbers Table III. 
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TABLE III. 
Bufo PITUITARY-THYROIDLESS TADPOLES. 
No, Length, Length, Length, Length, Sucess Operation. Length 
33-1 14.6 18.5 1.75 pituitary. days. 
thyroid. 
htyroid. 
thyroid. 
32.6 14.7 17.9 pituitary. days. 
thyroid. 
days. 
thyroid. 
thyroid. 
31.2 | 13.9 15-5 | 1.69 


FEEDING BEGUN JULY 


No. Total Length, Body Length, Mm.| Tail Length, Length, 
26.2 14.8 2.71 
25.1 13.0 12.1 3-17 
26.1 10.6 15.5 3-13 
27.2 15.9 3-33 
27.9 It. 16.8 3-14 
18.5 8.9 9.6 3-27 
25.2 14.3 3.12 


tadpoles represented Table IV. were killed about two and one 
half months later and were then not only larger size but older 
well. Data are accumulating show that the hind limbs 
continue grow proportionately longer older specimens than 
younger ones equal size. This seems generally true 
thyroidless, pituitaryless and thyroid-pituitaryless 
tadpoles. More data upon this point must gathered before 
final conclusion can reached because there are decided indi- 
vidual differences the rate limb growth normal and oper- 
ated tadpoles under apparently identical food conditions. 
any case, comparison Tables III. and IV. will serve answer 
any possible objections upon this score. 

Fig. shows the modifications body length and leg length 
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indicated Table III. The numbers the points apply the 
same individuals shown the table. The arrow lines connect 
points showing the dimensions each specimen the be- 
ginning and the end the feeding. 


TABLE IV. 
Bufo TADPOLES. 
20.4 9.8 1.75 Sept. 
23.0 10.9 2.14 Sept. 
23.8 2.15 


Table shows the results feeding iodine Rana pipiens 
tadpoles from which both the thyroid and pituitary glands had 
been removed. The experiment was begun with five specimens, 
two which were not preserved. These five tadpoles the 
beginning iodine feeding had body lengths ranging from 10.3 
mm. 15.2 mm. and the hind legs ranged length from .28 mm. 
the smallest .80 mm. the largest. probable that 
no. Table represents the largest and no. the smallest 
but not possible certain this point because the 
tadpoles were all kept together the same aquarium. any 
case, the growth the hind legs remarkable and will 


TABLE 


Rana pipiens PITUITARY AND THYROID GLANDS REMOVED. 
Fed from June July 25. 


ngth ength, | ength emarks. 


noted that the left fore limb has appeared nos. and 
heads these three tadpoles were sectioned and the series care- 
fully studied order detect remnants ever small 
thyroid pituitary glands. Not the slightest vestiges these 
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were found. Table VI. the hind leg lengths pituitary- 
thyroidless tadpoles normally fed and killed more than month 


TABLE VI. 


Rana pipiens WITH PITUITARY AND THYROID GLANDS REMOVED. 


| Total Length, 
Mn, 


Body Length, Hind Leg Length, 
| Mm. Mm. 


No. | Date Killed. 
23.7 10.2 .43 Aug. 22. 
59.8 2.28 Aug. 21. 


later than the above are found sharp contrast these. 
None these pituitary-thyroidless Rana pipiens tadpoles were 
brought metamorphosis iodine feeding but there little 
doubt but that will possible so; any rate there 
extremely strong tendency that direction. 


TABLE VII. 


POLES—IODINE FED. NUMBERS SPECIMENS CORRESPOND 
THOSE TABLEs AND II. 


Dimensions Thyroid Gland. 


118. ,070 .030 .000247 


The iodine-fed pituitaryless Bufo tadpoles shown tables 
and were sectioned and their thyroid glands studied, with 
the object seeing whether the iodine feeding had brought about 
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any notable increase colloid the thyroid gland. Two were 
preserved intact for demonstration purposes. Only eight out 
the twelve tadpoles sectioned were found satisfactory 
state preservation for histological study. This was due 
the fact that the tadpoles were usually preserved after they had 
died. Although the aquaria were frequently examined, the 
summer heat often caused considerable disintegration the 
thyroid gland before the specimens could preserved. 
examination Table VII. shows the length, width and thickness 


TABLE VIII. 


GLANDS AND COLLOID PITUITARYLESS Bufo TADPOLES 
FEEDING CONTROLS: 


Diam- 


Hind 
Mm. | Mm. 
22.5 10.5 3.23 -193 -057 .003330 .003382 .024 


each thyroid gland. The specimens are designated the same 
Table From the dimensions each gland was cal- 
culated the volume parallelopiped that would contain it. 
This course would constitute but rough relative approxima- 
tion the volume. Table VIII. shows similar measurements 
and calculations made upon the thyroid glands normally fed 
pituitaryless Bufo tadpoles size corresponding these 
measured the beginning iodine feeding. comparison 
Tables VII. and VIII. will show that the thyroid glands taken 
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whole have shrunken appreciably together with the shrinkage 
the body whole; but not proportionately much. 
the iodine-fed tadpoles the colloid masses show slightly greater 
average diameter than those the normally fed specimens. 
These facts not seem especially significant. The slight in- 
crease the colloid masses and the actual decrease the dimen- 
sions the gland roughly counterbalance one another. 
admitted that the number specimens small but large 
enough demonstrate that striking changes the size 
the thyroid glands and their colloid content pituitaryless 
tadpoles result from iodine feeding, least, not within the 
stages and time limits the experiment. will interesting 
future experiments test whether feeding iodine early 
stages prior the normal time colloid formation would cause 
appear precociously. 

paper upon the Development the Thyroid Glands 
Bufo and their Normal Relation Allen 
(in press), study was made the relation the growth the 
thyroid gland the growth and metamorphosis Bufo tad- 
poles. The stages used are trifle more advanced than those 
used this experiment. appears, however, that the thyroid 
glands are about the same size their early stages pituitary- 
less tadpoles normal tadpoles and that the colloid begins 
form the same time both. 


SUMMARY AND CONCLUSIONS. 


the beginning this paper, attention was called the 
fact that the growth the thyroid glands and the accumulation 
colloid them are retarded the removal the pituitary 
gland. Rogers and Larson have both shown that the removal 
the thyroid gland causes hypertrophy the pituitary 
gland (Rogers, anterior lobe; Larson, anterior and inter- 
mediate lobes). would premature offer interpre- 
tation these facts but they seem justify the hypothesis that 
these glands are closely interrelated. The writer has for several 
years favored the hypothesis that the thyroid gland may, largely 
least, play the storage organ for the iodine the body, 
the same time controlling its distribution. even seems 


416 BENNET ALLEN. 


possible that the pituitary gland might play the chief the 
utilization iodine the body. This view the main based 
upon the fact that tadpoles Rana and Bufo, deprived the 
pituitary gland, fail metamorphose spite the fact that 
the thyroid glands remain intact and even though the body 
the tadpole reaches gigantic.size. The removal the pituitary 
gland renders the thyroid gland powerless bring about 
metamorphosis though the thyroid gland were itself removed. 

was shown Swingle that metamorphosis could pro- 
duced normal tadpoles feeding them iodine. likewise 
showed that iodine feeding would produce metamorphosis even 
tadpoles deprived the thyroid glands. Simultaneously 
with the above work, the writer was carrying the experiments 
that form the subject the present paper. They show con- 
clusively that metamorphosis can produced iodine feeding 
tadpoles deprived the pituitary glands. More striking 
still the demonstration the fact that feeding iodine tad- 
poles deprived both thyroid and pituitary glands can carry 
them far the process metamorphosis, the attainment 
which was prevented only the death the tadpoles. 

the light all these facts, are justified drawing the 
following general conclusions: 

With normal feeding, involving the intake very minute 
quantities iodine, the presence both the thyroid and pituitary 
glands essential enable the animal undergo metamor- 
phosis. Unpublished data show quite conclusively that Rana 
and Bufo larve proceed the same stages limb growth the 
absence the thyroid the pituitary gland both to- 
gether. The administration large quantities iodine will 
cause the tadpoles undergo metamorphosis the total absence 
the thyroid gland the pituitary gland the simul- 
taneous absence both thyroid and pituitary glands. may 
found later experimentation that iodine not the only 
factor that capable bringing animals maturity. 


gation along these lines still its infancy. Before this paper 
appears print, the writer expects have under way more 
extensive quantitative experiments that will determine the 
reactions normal, pituitaryless, thyroidless, and pituitary- 
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thyroidless tadpoles these and other factors that influence 
development. 
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THE MIGRATION REPRODUCTIVE ORGANS 
FROM PARENT BUDS HYDRA. 


GEORGE TANNREUTHER, 


LABORATORY, UNIVERSITY MISSOURI. 


The germ cells hydra, far are able interpret 
means microscopic study carefully prepared sections, 
originate directly from the ordinary interstitial cells. 
true, however, that some investigators advocate the specificity 
the germ cells. But the species studied gave evidence 
specific line germ cells. not intention take 
careful study the germ cells hydra, their method 
origin and history, but rather consider them from the stand- 
point their place origin. That is, the reproductive 
organs originate directly the forming buds, are they formed 
the parent hydra and later migrate the buds during their 
development. 

Investigators have reported the presence sex organs the 
buds hydra, but case has been definitely stated that 
these organs originated directly from the ectoderm the young 
buds which they were found. 

Fig. represents camera drawing Hydra vulgaris par- 
tially contracted condition, with five buds different stages 
development, and thirteen spermaries. Most the spermaries 
were completely formed before budding begun. instance 
did the spermaries originate directly the buds, but migrated 
with the cells the parent those the forming buds. 

Diagram represents small portion the parent hydra 
extended, with bud its initial stage development. 
The area between R-G either side the bud, indicates 
the region growth the region that contributes directly 
the formation the bud. Reproductive organs found within 
this region (R-G), migrate from the parent hydra the bud. 
Those outside this region growth never reach the bud, but 
most instances retain their original position, while the buds 
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are developing. Those the border line, often migrate towards 
the buds but never reach them. That is, they remain the 
parent. The place occupied the reproductive organs the 
completely formed bud determined their position the 


Fic. Hydra with buds and spermaries. Spermaries have migrated 
from parent buds and 


growth region (R-G) the parent hydra the time the bud 
starts. 

Spermaries ovaries found near the tip center the distal 
end the bud when makes its first appearance, take 
final position the distal end the completely formed bud 
(Diagram 3). The spermary (Diagram 1-3) during the 
different stages progress the development the bud, 
retains its same position with reference the tip distal end. 
Diagram the bud became independent the parent 
sixty hours after its initial stage development. Diagram 
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and shows the position the spermary different 
periods growth the bud, and its final position when the 
bud completely formed. Note the position the spermary 


and show the migration reproductive organs from 
parent hydra the forming buds. 


before its migration began. Diagram and the 
spermaries were located near the outer edge the region 
growth (R-G). The time required for the development the 
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bud Diagram was seventy hours. Diagram and 
shows the position taken the ovary, the different stages 
the development the bud. The rate growth and migration 
the ovary the same the case the spermary. 

The position taken the reproductive organs during the 
different periods growth the formation the buds, indicate 
beyond question, that the region around the base the buds, 
contributes almost entirely the formation and growth the 
buds, and that the cells the buds contribute but little their 
own development. The cells the growth region not only 
divide mitotically, but migrate from the parent hydra the 
buds and carry the reproductive organs with them. 

was not unusual thing find hydra that were produced 
budding the different cultures, which showed either ovaries 
spermaries their extreme distal proximal 
grams and are good examples these conditions. 

few instances where the spermary was situated equi- 
distant between two forming buds, the spermary became divided 
through the central region, either half reformed into distinct 
spermary and migrated towards the corresponding bud. 
these particular cases the spermaries were their early stages 
development. But those spermaries that were completely 
formed and contained mature sperm, occurred. 
They either remained their former position equidistant be- 
tween the two buds, migrated toto towards one the 
other. 

The migration the reproductive organs observed 
hydra rather interesting phenomenon, and occurs quite 
frequently, especially budding hydra that are rich sex 
organs. This process migration however, directly asso- 
ciated with asexual reproduction and can not considered 
having any very special significance, since the reproductive 
organs migrate conjunction with the surrounding cells and 
not independently them. 
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RESISTANCE CILIA CYTOLYTIC AGENTS 


COLLETT, 


UNIVERSITY OF PENNSYLVANIA. 


studying the hemolysis erythrocytes from 

mammals, Rywosch found that the order resistance 

saponin was almost the reverse that hypotonic NaCl. 

did not however offer explanation. 1912 sug- 

gested that saponin might affect the lipoids, but that the hypo- 

tonic solutions attacked some other component the cell. 

Meyer (reviewed Port) noted that corpuscles rich 

cholesterol were also most resistant saponin. The protective 
action cholesterol cholesterol-lecithin mixture against 
saponin has been demonstrated artificial membranes, and 
several workers (reviewed Port, very early cited Abder- 
halden’s analyses erythrocytes support the view that 
cholesterol the chief factor determining saponin resistance. 
Hoeber and used several hypotonic salt solutions, and 
found that the phosphates were least injurious used alone, but 
mixed with saponin became the most injurious the series. 
interpreted this due the action the cell colloids, 
but not until 1914 did offer the following more elaborate 
theory. protein which normally stabilized will, 
after undergoing change sign (as the action acids), 
destroyed Saponin produces such change sign 
the corpuscles and therefore attacks especially cells rich 
This may explain the fact that cell resistant hypotonic 
NaCl relatively susceptible saponin. 

The present experiments were undertaken find whether 
this curious reversal resistance occurs cells another sort 
(ciliated cells various marine invertebrates), and compare 
the effect hypotonic NaCl with that hypotonic solution 
which the same time balanced, g., dilute sea water. 

The ciliated gill filaments several molluscs and the ciliated 
larve echinoderms, molluscs and annelid worms furnished 
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material for the experiments. The gills were divided into narrow 
strips one two filaments. The larve were generally helio- 
tropic and could easily secured large numbers very 
little water. Not all the larve were fully normal: 
nius, Arenicola and Asterias were the most variable vitality. 
All the solutions used (except course NaCl) were made 
sea water rather than distilled water and were never kept 
more than eight hours: not over four hours the case volatile 
substances. The experiments were carried out stoppered test 
tubes which for higher temperatures were floated warm water. 
The temperature the tubes was read during every experiment. 
Each day’s results were recorded separate slip paper. 
The summary given below average all observations and 
where these vary because temperature, difference viability 
(or other experimental error), the order susceptibility has been 
verified reference the separate experiments which the 
conditions must have been the same. The results obtained are 
follows: 

comparing the resistance saponin with that hypotonic 
NaCl clear that although there are some irregularities 
(which are starred), the general order This quite 
unlike the sharp reversal order obtained with erythrocytes 
saponin and hypotonic NaCl. The order cilia resistance 


TABLE 


Saponin (per cent. represents dilution stock solution 0.5 per cent: sea 
water). 
20-23° C 


Cumingia 
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Hypotonic Sea Water. Hypotonic NaCl (stock solution). 


Echinarachnius 
Arbacia 


Arbacia 

Arenicola 
Echinarachnius.... 

Asterias I-10 Nereis 
Cumingia 


TABLE II. 


Saponin (per cent, are presents dilution stock solution 0.5 per cent. sea 
water). 


25+ 
Razor clam 
Modiola 50+ 


Hypotonic Sea-water. Hypotonic NaCl. 


Mya 

Quahog 
Razor clam Razor clam 


hypotonic sea water almost exactly the same saponin 
there fact only one slight difference (Echinarachnius 
plut.) against two NaCl. Evidently hypotonic sea water 
has not quite the same action the cilia hypotonic NaCl, 
but the difference not great. data the hemolytic power 
hypotonic balanced solution are available for comparison. 

The action acids upon erythrocytes (Koeppe, cited 
Rywosch) function their concentration, but their ac- 
tion upon cilia protozoa (unpublished experiments) and the 
giant clam (Harvey) correlated with other factors well. 


40. 30. 20. 
| 
20° C, 
| 10. 20. 30. | 50. | 100. 
| 17 
| 20° C, | 20° C, 
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Still another evidence the peculiarity erythrocytes 
found temperature coefficients. They show with rise 
temperature increased susceptibility acids and chloroform 
(Rywosch) but not saponin hypotonic NaCl (Kagan). 
the following table indicates this not the case with most 


the ciliated cells. 
TABLE III. 


Saponin. 


Echinarachnius 


25°C 
35- 30. 20. 35- 20. 20. 
TABLE IV. 
NDS Sanstetneneenttiamions 10 20 30. | 50. | 100.| 10 20 30 50 100. 


| 20-23° C. 25°C. 30° C, j 
4 
Hypotonic Sea Water. 
Hypotonic Sea Water. 
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Thus resistance cilia both saponin and hypotonic NaCl 
lowered increasing temperature instead remaining con- 
stant the case with erythrocytes. The coefficients are higher 
saponin than hypotonic sea water and also vary considerably 
from one form This not the case with erythrocytes. 
However the action acids upon various infusoria, upon 
erythrocytes, markedly altered change temperature. 

few experiments were made using chloroform, ether and 
acetone made sea water (in vols. per cent., chloroform 
0.2, and 0.37 per cent.; ether per cent., acetone per cent.). 
The gill cilia showed the same order resistance these reagents 
hypotonic sea water. The larval cilia were more irregular, 
the following list shows, though the order not very different 
from that obtaining saponin. 


CHLOROFORM. ETHER. 
Nereis *Arenicola *Arenicola 


Asterias 


With erythrocytes Rywosch found each these reagents 
quite different order, more irregular than was observed the 
present experiments. 

adequate explanation these results impossible 
present. Although detailed analyses corpuscles have long 
been available, there are analyses only two the organisms 
used the present experiments, made upon the eggs (not larve) 
Arbacia and Asterias Matthews. found the Arbacia 
egg rich cholesterol compared with lecithin and the 
egg the reverse. these lipoids alone determined resistance 
saponin and hypotonic NaCl, Arbacia should more re- 
sistant than Asterias, but this not the case. This may 
due change the cholesterol content the egg develops into 
Certainly differences due age occur most the 
forms, especially times great morphological change. How- 
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ever, until have adequate analyses cannot offer definite 
explanation the characteristic differences the behavior 
these ciliated cells toward reagents. 


SUMMARY. 


Cilia which are resistant saponin are generally resistant 
hypotonic sea water and hypotonic NaCl. The reversal 
resistance found with erythrocytes does not hold with cilia. 

Relative resistance cilia hypotonic NaCl not the 
same resistance hypotonic sea water, although the irregu- 
larities are not numerous. 

Most the cilia show change resistance with change 
temperature. This more marked saponin than hypo- 
tonic sea water. 

indebted Dr. Jacobs for suggesting this problem 
and criticizing the results, and Dr. McClung for the use 
table the Marine Biological Laboratory Woods Hole. 
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